UNCLASSIFIED 


AD  NUMBER 


ADB262490 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


EROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  only;  Proprietary  Info.;  Nov  99. 
Other  requests  shall  be  referred  to  U.S. 
Army  Medical  Research  and  Materiel 
Command,  504  Scott  St.,  Fort  Detrick,  MD 
21702-5012. 


AUTHORITY 


USAMRMC  Itr,  21  Feb  2003 


THIS  PAGE  IS  UNCLASSIEIED 


Award  Number:  DAMD17- 98 -1-8217 


TITLE:  Genetic  Susceptibility  to  Estrogen- Induced  Mammary  Cancers 


PRINCIPAL  INVESTIGATOR:  James  Shull,  Ph.D. 


CONTRACTING  ORGANIZATION:  University  of  Nebraska  Medical  Center 

Omaha,  Nebraska  68198  -6810 


REPORT  DATE:  November  1999 


TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 

DISTRIBUTION  STATEMENT:  Distribution  authorized  to  U.S. 

Government  agencies  only  (proprietary  information,  Nov  99) . 

Other  requests  for  this  document  shall  be  referred  to  U.S. 

Army  Medical  Research  and  Materiel  Command,  504  Scott  Street, 

Fort  Detrick,  Maryland  21702-5012, 

The  views,  opinions  and/or  findings  contained  in  this  report  are  those 
of  the  author (s)  and  should  not  be  construed  as  an  official  Department 
of  the  Army  position,  policy  or  decision  unless  so  designated  by  other 
documentation. 


20010122  119 


NOTICE 


USING  GOVERNMENT  DRAWINGS,  SPECIFICATIONS,  OR  OTHER 
DATA  INCLUDED  IN  THIS  DOCUMENT  FOR  ANY  PURPOSE  OTHER 
THAN  GOVERNMENT  PROCUREMENT  DOES  NOT  IN  ANY  WAY 
OBLIGATE  THE  U.S.  GOVERNMENT.  THE  FACT  THAT  THE 
GOVERNMENT  FORMULATED  OR  SUPPLIED  THE  DRAWINGS, 
SPECIFICATIONS,  OR  OTHER  DATA  DOES  NOT  LICENSE  THE 
HOLDER  OR  ANY  OTHER  PERSON  OR  CORPORATION;  OR  CONVEY 
ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE,  USE,  OR  SELL 
ANY  PATENTED  INVENTION  THAT  MAY  RELATE  TO  THEM. 

LIMITED  RIGHTS  LEGEND 

Award  Number:  DAMD17-98-1-8217 

Organization:  University  of  Nebraska  Medical  Center 

Those  portions  of  the  technical  data  contained  in  this  report  marked  as 
limited  rights  data  shall  not,  without  the  written  permission  of  the  above 
contractor,  be  (a)  released  or  disclosed  outside  the  government,  (b)  used  by 
the  Government  for  manufacture  or,  in  the  case  of  computer  software 

documentation,  for  preparing  the  same  or  similar  computer  software,  or  (c) 
used  by  a  party  other  than  the  Government,  except  that  the  Government  may 
release  or  disclose  technical  data  to  persons  outside  the  Government,  or 
permit  the  use  of  technical  data  by  such  persons,  if  (i)  such  release, 

disclosure,  or  use  is  necessary  for  emergency  repair  or  overhaul  or  (ii)  is  a 
release  or  disclosure  of  technical  data  (other  than  detailed  manufacturing  or 
process  data)  to,  or  use  of  such  data  by,  a  foreign  government  that  is  in  the 
interest  of  the  Government  and  is  required  for  evaluational  or  informational 
purposes,  provided  in  either  case  that  such  release,  disclosure  or  use  is  made 
subject  to  a  prohibition  that  the  person  to  whom  the  data  is  released  or 
disclosed  may  not  further  use,  release  or  disclose  such  data,  and  the 

contractor  or  subcontractor  or  subcontractor  asserting  the  restriction  is 
notified  of  such  release,  disclosure  or  use.  This  legend,  together  with  the 
indications  of  the  portions  of  this  data  which  are  subject  to  such 

limitations,  shall  be  included  on  any  reproduction  hereof  which  includes  any 
part  of  the  portions  subject  to  such  limitations. 

THIS  TECHNICAL  REPORT  HAS  BEEN  REVIEWED  AND  IS  APPROVED  FOR 
PUBLICATION. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  074-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington, 
VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  10704-0188),  Washington,  DC  20503 


1 .  AGENCY  USE  ONLY  (Leave  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

blank)  November  1999  Annual  (01  Oct  98  -  01  Oct  99' 


4.  TITLE  AND  SUBTITLE  5.  FUNDING  NUMBERS 

Genetic  Susceptibility  to  Estrogen-Induced  Mammary  Cancers  DAMD17-98-1-8217 


6.  AUTHOR(S) 

James  Shull,  Ph.D. 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  Nebraska  Medical  Center 
Omaha,  Nebraska  68198  -6810 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


e-mall: 

j  shull@uiunc .  edu 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT  12b.  DISTRIBUTION  CODE 

Distribution  authorized  to  U.S.  Government  agencies  only  (proprietary 
information,  Nov  99) .  Other  requests  for  this  document  shall  be  referred 
to  U.S.  Army  Medical  Research  and  Materiel  Command,  504  Scott  Street, 

Fort  Detrick,  Maryland  21702-5012. 


13.  ABSTRACT  (Maximum  200  Words) 

Our  laboratory  has  played  a  leading  role  in  establishing  the  female  ACI  rat  as  a  physiologically  relevant 
animal  model  for  the  study  of  breast  cancer  etiology.  We  were  the  first  to  demonstrate  that  the  naturally 
occurring  estrogen,  17P-estradiol  (E2),  induces  rapid  development  of  mammary  cancers  in  the  female  ACI  rat 
(1).  We  have  demonstrated  that  the  unique  susceptibility  of  the  ACI  rat  to  E2-induced  mammary  cancers  is 
inherited  in  ACI  x  Copenhagen  (COP)  and  ACI  x  Brown  Norway  (BN)  genetic  crosses  as  a  complex  dominant 
trait  (2),  and  most  recently  have  mapped  three  genetic  loci  that  confer  and/or  modulate  susceptibility  to  E2- 
induced  mammary  cancers  (3).  In  this  USAMRMC  funded  research  we  are  testing  the  hypothesis  that  genomic 
instability,  specifically  loss  of  heterozygosity  (LOH),  is  an  important  contributing  factor  in  the  etiology  of  E2- 
induced  mammary  cancers.  The  primary  experimental  approach  is  to  utilize  a  battery  of  polymorphic  genetic 
loci  to  assess  LOH  in  mammary  tumors  induced  by  E2  in  ACI/COP  FI  and  ACI/BN  El  rats.  To  date,  we  have 
demonstrated  that  E2-induced  mammary  cancers  exhibit  genomic  instability.  Assays  for  detecting  LOH  have 
been  established.  Preliminary  data  indicate  that  LOH  occurs  within  regions  of  the  rat  genome  demonstrated  by 
us  to  contain  gene(s)  that  confer  and/or  modulate  susceptibility  to  E2-induced  mammary  cancers. 


14.  SUBJECT  TERMS 

Breast  Cancer 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

Unclassified 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

Unclassified 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

Unclassified 


15.  NUMBER  OF  PAGES 

_ 13  _ 

16.  PRICE  CODE 


20.  LIMITATION  OF  ABSTRACT 

Limited 


NSN  7540-01-280-5500 


Standard  Form  298  (Rev.  2*89) 

Prescribed  by  ANSI  Std.  Z39-18 
298-102 


3 


Shull,  J.O. 


FOREWORD 


Opinions,  interpretations,  conclusions  and  recommendations  are  those  of  the  author 
and  are  not  necessarily  endorsed  by  the  U.S.  Army. 


Where  copyrighted  material  is  quoted,  permission  has  been  obtained  to  use 
such  material. 

Where  material  from  documents  designated  for  limited  distribution  is  quoted, 
permission  has  been  obtained  to  use  the  material. 

Citations  of  commercial  organizations  and  trade  names  in  this  report  do  not 
constitute  an  official  Department  of  Army  endorsement  or  approval  of  the 
products  or  services  of  these  organizations. 

In  conducting  research  using  animals,  the  investigator(s)  adhered  to  the  "Guide 
for  the  Care  and  Use  of  Laboratory  Animals,"  prepared  by  the  Committee  on 
Care  and  use  of  Laboratory  Animals  of  the  Institute  of  Laboratory  Resources, 
national  Research  Council  (NIH  Publication  No.  86-23,  Revised  1985). 

For  the  protection  of  human  subjects,  the  investiaatorCsl  adhered  to 
policies  of  applicable  Federal  Law  45  CFR  46. 

In  conducting  research  utilizing  recombinant  DNA  technology,  the  investigator(s) 
adhered  to  current  guidelines  promulgated  by  the  National  Institutes  of  Health. 

In  the  conduct  of  research  utilizing  recombinant  DNA,  the  investigator(s)  adhered 
to  the  NIH  Guidelines  for  Research  Involving  Recombinant  DNA  Molecules. 

In  the  conduct  of  research  involving  hazardous  organisms,  the  investigator(s) 
adhered  to  the  CDC-NIH  Guide  for  Biosafety  in  Microbiological  and  Biomedical 
Laboratories. 


4 


Grant  Number: 
Project  Title: 

Principal  Investigator: 


DAMD17-98-1-8217 

Genetic  Susceptibility  to  Estrogen-Induced  Mammary  Cancers 
James  D.  Shull,  Ph.D. 


TABLE  OF  CONTENTS 


Page  Section 


2  Standard  Form  298 

3  Foreword 

4  Table  of  Contents 

5  Introduction 

6  Body 

1 1  Key  Research  Accomplishments 

1 1  Reportable  Outcomes 

12  Conclusions 

12  References 


5 


J.  D.  Shull,  Ph.D.;  DAMD 17-98- 1-82 17 


INTRODUCTION 

Estrogens  are  inextricably  implicated  in  the  etiology  of  breast  cancers  in  humans.  Our  laboratory 
has  played  a  leading  role  in  establishing  the  female  ACT  rat  as  a  physiologically  relevant  animal 
model  for  the  study  of  breast  cancer  etiology.  We  were  the  first  to  demonstrate  that  the  naturally 
occurring  estrogen,  17P-estradiol  (E2),  induces  rapid  development  of  mammary  cancers  in  the 
female  ACI  rat  (1).  We  have  demonstrated  that  the  unique  susceptibility  of  the  ACI  rat  to  E2- 
induced  mammary  cancers  is  inherited  in  ACI  x  Copenhagen  (COP)  and  ACI  x  Brown  Norway  (BN) 
genetic  crosses  as  a  complex  dominant  trait  (2),  and  most  recently  have  mapped  three  genetic  loci 
that  confer  and/or  modulate  susceptibility  to  E2-induced  mammary  cancers  (3).  In  this  USAMRMC 
funded  research  we  are  testing  the  hypothesis  that  genomic  instability,  specifically  loss  of 
heterozygosity  (LOH),  is  an  important  contributing  factor  in  the  etiology  of  E2-induced  mammary 
cancers.  The  primary  experimental  approach  is  to  utilize  a  battery  of  polymorphic  genetic  loci  to 
assess  LOH  in  mammary  tumors  induced  by  E2  in  ACI/COP  FI  and  ACI/BN  FI  rats.  To  date,  we 
have  demonstrated  that  E2-induced  mammary  cancers  exhibit  genomic  instability.  Assays  for 
detecting  LOH  have  been  established.  Preliminary  data  indicate  that  LOH  occurs  within  regions  of 
the  rat  genome  demonstrated  by  us  to  contain  'gene(s)  that  confer  and/or  modulate  susceptibility  to 
E2 -induced  mammary  cancers. 


Information  contained  on  this  page  is  unpublished  and  is  considered  to  be  proprietary. 
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BODY 

This  progress  report  summarizes  work  completed  between  May  15,  1999  and  October  15,  1999. 
Initiation  of  this  research  was  delayed  as  the  Specific  Aims  and  Statement  of  Work  were  revised  to 
eliminate  perceived  overlap  with  an  award  from  the  National  Cancer  Institute.  Progress  relating  to 
each  of  the  revised  Statement  of  Work  Tasks  is  summarized  herein. 


Task  1.  Each  mammary  tumor  will  be  evaluated  histologically  to  define  its  type  as  comedo  or 
papillary  carcinoma  and  to  assess  its  extent  of  invasiveness.  Year  1  and  beyond  as  additional 
tumors  become  available. 

This  task  has  been  accomplished  for  tumors  obtained  to  date.  All  E2-induced  mammary  tumors 
were  adenocarcinoma  of  the  comedo,  cribriform  or  papillary  types,  with  the  comedo  form  being  the 
predominant  cancer  type.  Invasive  features  were  observed  in  a  significant  fraction  of  these 
mammary  tumors.  Additional  E2-induced  mammary  tumors  will  be  generated  over  the  next  18 
months  in  work  funded  by  NIH  grant  CA77876. 


Task  2.  Cells  will  be  isolated  from  each  mammary  tumor  and  analyzed  by  flow  cytometry  to 
quantify  cellular  DNA  content  and  assess  ploidy.  DNA  content  different  from  2N  and  4N  will 
be  considered  to  be  an  indicator  of  aneuploidy.  Year  1  and  beyond  as  additional  tumors 
become  available. 

Methods:  Frozen  mammary  tumors  and  spleens  from  the  tumor  bearing  animals  were  thawed  on  ice, 
cut  into  small  pieces  using  a  razor  blade  and  mechanically  dissociated  in  PBS  using  a  Stomacher 
laboratory  blender  (Tekmar,  Cincinnati,  OH).  The  dissociated  cells  were  pelleted  by  centrifugation, 
resuspended  in  RPMI  culture  media  (Life  Technologies,  Gaithersburg,  MD),  filtered  through 
Spectra/Mesh  polymer  macro  filtration  filters  (Spectrum,  Laguna  Hills,  CA)  and  counted.  Following 
dilution  to  approximately  1  million  cells  per  ml  in  Vendelov's  reagent  the  cells  were  analyzed  using 
a  FACStar  Plus  flow  cytometer  (Becton  Dickinson,  San  Jose,  CA).  Cells  prepared  from  normal 
spleen  were  used  as  an  internal  ploidy  standard.  The  resulting  data  were  analyzed  using  ModFit 
DNA  analysis  software  (Becton  Dickinson). 

Results  and  Discussion:  Flow  cytometric  analysis  of  DNA  content  within  cells  isolated  from 
mammary  cancers  induced  in  female  ACI  rats  by  E2  indicated  that  the  majority  of  these  tumors 
exhibit  genomic  instability  (Figure  1).  Within  a  group  of  fifteen  E2-induced  mammary  cancers,  five 
(33%)  of  the  tumors  exhibited  a  normal  DNA  profile,  where  the  majority  of  cells  displayed  a  diploid 
DNA  content  (Figure  lA).  Seven  (47%)  tumors  contained  a  significant  fraction  of  cells  which 
exhibited  a  hyperdiploid  DNA  content  (Figure  IB),  two  (13%)  tumors  contained  a  large  fraction  of 
cells  that  were  tetraploid  in  their  DNA  content  (Figure  1C),  and  one  (7%)  of  the  15  mammary  tumors 
contained  a  large  fraction  of  cells  that  were  hypertetraploid  in  their  DNA  content  (Figure  ID).  These 

Information  contained  on  this  page  is  unpublished  and  is  considered  to  be  proprietary. 
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data  clearly  illustrate  that  different  E2-induced  mammary  carcinomas  are  heterogeneous  with  respect 
to  ploidy,  with  approximately  66%  of  the  examined  tumors  exhibiting  clear  features  of  aneuploidy. 
This  observation  is  noteworthy  as  the  mammary  tumors  that  develop  in  rats  and  mice  treated  with 
dimethylbenz[a]anthracene  have  been  reported  to  exhibit  a  diploid  DNA  profile. 


Figure  1.  Mammary  Tumors  Induced  in  Female  ACI  Rats  by  Chronic  Treatment  with  IVP- 
estradiol  Exhibit  Aneuploidy.  Cells  were  isolated  from  mammary  tumors  induced  by  E2.  DNA 
content  was  quantified  by  flow  cytometry. 


Information  contained  on  this  page  is  unpublished  and  is  considered  to  be  proprietary. 
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Task  3.  A  panel  of  appropriately  located  simple  sequence  repeat  (SSR)  loci  will  be  identified 
that  are  polymorphic  between  the  ACI  and  COP  and  the  ACI  and  BN  strains  from  among 
those  mapped  in  the  rat  genome. 

This  task  is  being  accomplished  on  a  chromosome  by  chromosome  basis  and  will  be  continued 
throughout  the  remainder  of  the  research  project.  Data  generated  in  the  analysis  of  chromosomes 
5  and  1 8  are  summarized  below. 


Task  4.  DNA  will  be  isolated  from  each  mammary  tumor  as  well  as  from  the  spleen  of  each 
mammary  tumor  bearing  FI  animal.  Each  of  the  polymorphic  SSR  loci  identified  in  #3  will 
be  amplified  using  polymerase  chain  reaction  (PCR)  and  commercially  available  primers.  The 
amplified  DNAs  will  be  subjected  to  electrophoresis  on  denaturing  acrylamide  gels  and  the 
amount  of  DNA  product  generated  from  the  ACI  and  COP  or  ACI  and  BN  alleles  at  each  locus 
will  be  quantified  using  a  phosphorimager.  LOH  will  be  revealed  as  a  strain  specific  loss  of 
an  SSR  locus  in  the  mammary  tumor  relative  to  the  spleen  from  the  same  animal.  Suspected 
LOH  will  be  confirmed  by  repeating  the  analyses  at  flanking  loci.  Years  1  through  3  as 
warranted  by  new  releases  of  the  rat  genome  map. 

Methods:  The  source  of  rat  tissues  used  in  this  project  were  from  experiments  supported  by  NIH 
grant  CA77876.  In  the  NIH  funded  experiments,  mammary  tumors  were  induced  in  ACI/COP  FI 
and  ACI/BN  FI  female  rats  by  treatment  with  E2,  administered  from  subcutaneous  Silastic  implants 
as  described  by  us  previously  (1).  No  funds  from  the  USAMRMC  were  used  for  purchase  or 
housing  of  live  animals. 

Methods  for  evaluating  LOH  were  established  and  optimized.  Genomic  DNA  was  isolated  from  10 
mg  of  rat  spleen  and  25  mg  of  rat  mammary  tumor  using  QIAamp  tissue  kits  (QIAGEN).  Each  DNA 
(30  ng)  was  amplified  by  PCR  using  Platinum  Taq  DNA  Polymerase  (Gibco)  and  standard  methods 
as  described  in  our  original  application;  [32P]dCTP  (Amersham)  was  included  in  each  PCR  reaction, 
resulting  in  generation  of  labeled  PCR  products.  Oligodeoxynucleotide  primers  for  amplifying  the 
different  polymorphic  SSR  loci  on  each  of  the  rat  chromosomes  were  obtained  from  Research 
Genetics,  Inc.  The  PCR  products  were  separated  on  8%  denaturing  polyacrylamide  sequencing  gels. 
Each  PCR  reaction  was  assayed  in  triplicate.  Following  drying,  the  gels  were  visualized  by 
autoradiography  on  a  Phosphorimager  (Molecular  Dynamics),  and  the  intensities  of  the  DNA  bands 
generated  from  the  ACI  and  COP  alleles  were  quantified  using  ImageQuant  software  (Molecular 
Dynamics).  The  average  (±  standard  deviation,  n  =  3)  pixel  intensity  generated  from  the  ACI  and 
COP  alleles  from  spleen  and  mammary  tumor  DNA  was  determined  for  each  of  several  SSR  loci. 
An  LOH  index  for  each  polymorphic  locus  was  calculated  by:  1)  dividing  the  intensity  of  the  ACI 
product  by  the  intensity  of  the  COP  product  generated  from  each  mammary  tumor  and  spleen  DNA; 
2)  comparing  the  ACI/COP  ratio  from  the  mammary  tumor  with  the  ACI/COP  ratio  from  the  spleen 
using  Student’s  t  test;  and,  3)  subsequently  dividing  the  ACI/COP  ratio  from  each  mammary  tumor 
by  the  ACI/COP  ratio  from  each  spleen  as  illustrated  in  Formula  1. 

Information  contained  on  this  page  is  unpublished  and  is  considered  to  be  proprietary. 
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Formula  1.  /  (ACI,p„,„  /  COP,p„  J  =  LOH  index 


The  standard  deviation  of  each  ACI/COP  ratio  (n  =3)  rarely  exceeded  10%  of  the  mean.  An  LOH 
index  that  was  equal  to  or  greater  than  1 .25  was  interpreted  to  suggest  loss  of  the  COP  allele  within 
the  genome  of  the  mammary  tumor  at  the  locus  assayed.  An  LOH  index  that  was  equal  to  or  less 
than  0.75  was  interpreted  to  suggest  loss  of  the  ACI  allele  within  the  genome  of  the  mammary  tumor 
at  the  locus  assayed. 

Results  and  Discussion:  In  a  project  funded  by  NIH  grant  ROl  CA77876,  we  have  mapped  three  loci 
that  confer  and/or  modulate  susceptibility  to  E2-induced  mammary  cancers.  Emcal,  located  on  rat 
chromosome  5,  was  mapped  using  F2  progeny  from  ACI  x  COP  and  ACI  x  BN  intercrosses.  Emca2, 
located  on  rat  chromosome  18,  and  Emca3,  located  on  rat  chromosome  2,  were  revealed  only  in  the 
ACI  X  BN  intercross.  Consequently,  we  are  focusing  our  attention  initially  on  these  chromosomes. 

Ten  polymorphic  loci  identified  on  rat  chromosome  5  were  evaluated  for  possible  LOH  in  a  panel 
of  21  mammary  tumors  induced  by  E2  in  ACI/COP  FI  progeny.  Strong  evidence  of  LOH  was 
observed  in  four  of  the  21  E2-induced  mammary  cancers.  LOH  indices  greater  than  1.25  were 
observed  in  tumor  47  at  seven  of  the  10  loci;  in  tumor  1 14  at  eight  of  the  10  loci;  and  in  tumor  163 
at  six  of  10  loci.  These  data  suggest  that  a  large  segment,  perhaps  all,  of  the  COP  copy  of  rat 
chromosome  5  has  been  lost  at  some  point  during  development  of  these  three  tumors.  Interestingly, 
tumor  116  exhibited  an  LOH  index  less  than  0.75  at  nine  of  the  10  loci  examined.  This  latter 
observation  is  consistent  with  loss  of  the  ACI  copy  of  rat  chromosome  5  during  development  of 
tumor  116.  Three  additional  tumors  exhibited  loss  of  the  COP  allele  at  two  of  the  ten  loci,  and  two 
tumors  exhibited  loss  of  the  COP  allele  at  one  of  the  ten  loci.  Two  tumors  exhibited  loss  of  the  ACI 
allele  at  one  of  the  ten  loci.  Together,  these  data  indicate  that  genomic  instability  involving  rat 
chromosome  5  is  associated  with  approximately  50%  of  the  mammary  tumors  induced  in  ACI/COP 
FI  animals  by  E2.  At  this  time,  a  cause  and  effect  relationship  between  LOH  and  mammary  tumor 
development  cannot  be  concluded. 

Six  polymorphic  loci  identified  on  rat  chromosome  18  have  been  evaluated  at  the  present  time. 
Tumor  464  exhibited  loss  of  the  COP  allele  at  four  of  the  six  loci;  tumors  47  and  114  exhibited  loss 
of  the  COP  allele  at  three  of  the  six  loci;  and  tumors  112,  115,  and  146  exhibited  loss  of  the  COP 
allele  at  two  of  the  six  loci.  Twelve  additional  tumors  exhibited  loss  of  the  COP  allele  at  one  of  the 
six  polymorphic  loci  evaluated  on  chromosome  18.  Together,  these  data  indieate  that  loss  of  COP 
alleles  for  loci  on  chromosome  18  are  common  in  mammary  tumors  induced  by  E2,  being  observed 
in  a  total  of  18  of  the  21  tumors  evaluated  thus  far. 
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Task  5.  The  resulting  data  will  be  analyzed  to  determine:  1)  the  extent  of  LOH  occurring 
across  the  rat  genome;  2)  whether  the  observed  LOH  occnrs  selectively  in  specific  regions  of 
the  genome;  and  3)  whether  LOH  within  a  specific  region  of  the  genome  correlates  with  tumor 
type  or  invasiveness.  Years  2  and  3. 

Data  analysis  is  ongoing  as  data  are  collected. 


Task  6.  The  data  will  be  communicated  to  the  scientific  commnnity  throngh  presentation  at 
appropriate  meetings  and  publication  in  peer  reviewed  journals.  Years  2  through  3. 

Select  data  from  these  ongoing  studies  were  communicated  by  Dr.  Shull  in  an  invited  presentation 
at  the  Gordon  Conference  on  Hormonal  Carcinogenesis  held  in  August  of  1999.  These  data  will  also 
be  briefly  summarized  at  an  upcoming  meeting  of  rat  genetics  and  genomics  to  be  held  at  the  Cold 
Spring  Harbor  Laboratory  in  December  of  1999.  A  manuscript  presenting  the  data  summarized  in 
Figure  1  will  be  submitted  in  the  next  few  weeks. 


Task  7.  All  required  progress  reports  and  communications  will  be  prepared  and  submitted 
to  the  Army  Breast  Cancer  Research  Program.  Years  1  through  3. 

In  progress  and  to  be  continued  as  necessary. 
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KEY  RESEARCH  ACCOMPLISHMENTS 

1 .  Flow  cytometric  analyses  of  E2-induced  mammary  tumors  have  been  performed  indicating 
that  a  large  fraction  of  these  tumors  exhibit  aneuploidy. 

2.  Methods  for  evaluating  LOH  have  been  established  and  optimized. 

3 .  Appropriate  polymorphic  loci  have  been  identified  for  evaluating  LOH  in  mammary  tumors 
induced  in  ACI/COP  FI  rats  by  chronic  treatment  with  E2. 

4.  Rat  chromosome  5,  harboring  Emcal,  has  been  screened  for  LOH.  Resulting  data  suggest 
large  segments  of  chromosome  5  are  lost  during  development  of  E2-induced  mammary 
cancers. 

5.  Rat  chromosome  18,  harboring  Emca2,  has  been  screened  for  LOH.  Resulting  data  indicate 
that  loss  of  COP  alleles  are  common  during  development  of  E2-induced  mammary  cancers. 


REPORTABLE  OUTCOMES 


Manuscripts,  abstracts,  presentations:  A  manuscript  is  in  preparation  for  fall  1999  submission. 
Two  oral  presentations  at  international  meetings  have  or  will  be  presented  by  the  end  of  1999. 

Patents:  A  patent  application  on  Emcal,  Emca2  and  Emca3,  identified  with  funding  from  the  NIH 
has  been  submitted.  The  research  funded  by  the  USAMRMC  will  enhance  our  understanding  of  the 
roles  of  the  genes  residing  within  these  loci  in  the  development  of  E2-induced  mammary  cancers. 

Degrees:  None. 

Development  of  cell  lines:  None. 

Informatics  such  as  databases  and  animal  models:  None. 

Funding  applied  for:  None  at  present.  Additional  applications  anticipated. 

Employment  or  research  opportunities:  None. 
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CONCLUSIONS 

Data  generated  to  date  suggest  that  genomic  instability  and  LOH  are  common  events  during 
E2-induced  mammary  tumorigenesis.  It  is  anticipated  that  this  information  will  enhance  our 
understanding  of  the  molecular  events  leading  to  mammary  cancer  development.  Our  research  on 
estrogen-induced  mammary  tumorigenesis  is  illustrating  for  the  first  time  the  physiological  relevance 
of  the  ACT  rat  as  an  animal  model  for  the  study  of  breast  cancer  etiology. 

No  changes  in  the  research  plan  are  anticipated  at  this  time. 
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